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FUGITIVE DUST CONTROL FOR HAU LAGE ROADS AND TAI LI NG BASINS 
By Keith S. Olsonl and David L. Veith2 
ABSTRACT 
During 1982 and 1983, the Bureau of Mines concentrated its fugitive 
dust control research on haulage road dust suppression by newer chemi-
cals relatively unknown in the mineral industry, innovative dust control 
designs for haulage trucks, chemical tailing basin stabilization, and 
combined chemical and vegetation tailing basin stabilization. Rela-
tively unknown dust suppression chemicals and innovative aerodynamic 
modifications to haulage truck fender designs were tested on a Minnesota 
sand and gravel operation haulage road. Magnesium chloride salt at 95-
pct control efficiency and a petroleum derivative at 70-pct control ef-
ficiency were effective in suppressing dust generated by haulage vehi-
cles; however, none of the fender modifications were successful. 
Commonly used dust suppressant chemicals were tested on a Minnesota 
taconite tailing basin to reduce the dust lift-off during the spring and 
fall dry seasons. The most successful chemical was lignin sulfonate 
with a seasonal cost of less than $200 per acre to achieve 90-pct dust 
control. When chemical treatments for immediate dust control were com-
bined with revegetation for permanent control, the most promising chemi-
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INTRODUCTION 
Fugitive dust is an operational and 
environmental problem at most surface 
mines. Particulate emissions at surface 
mines are classified as fugitive dust be-
cause they mainly result from machinery 
movement, wind action, and material 
transfer at or near ground level. Dis-
charges from stacks, flues, or ducts are 
not classified as fugitive dust. 
Fugitive dust may be further described 
by the following definition from 40 CFR 
52.21(b)(6): 
Particulate matter composed of soil 
which is uncontaminated by pollut-
ants resulting from industrial ac-
tivity. Fugitive dust may include 
emissions from haulage roads, wind 
erosion of exposed soil surfaces, 
and soil storage piles and other 
activities in which soil is either 
removed, stored, transported, or 
redistributed. 
Fugitive dust includes any size dust 
particle that becomes airborne. Oper-
ational problems caused by excessive 
levels of fugitive dust at most surface 
mines include (1) reduced visibility 
near moving equipment, (2) excessive wear 
on engines, bearings, and other moving 
parts, (3) high maintenance costs due to 
more frequent oil changes and filter re-
placements, (4) decreased production due 
to reduced haulage truck speed caused by 
limited visibility (note that adding more 
trucks to increase production is costly, 
increases dust levels, and requires a 
further speed reduction), (5) excessive 
fines on unconsolidated road surfaces, 
which increases tire penetration and 
raises fuel costs, (6) unpleasant or pos-
sibly unhealthy conditions for employees, 
and (7) damage to plants on newly re-
claimed areas. Environmental problems 
resulting from fugitive dust include com-
plaints from neighbors and difficulty in 
complying with air quality standards. 
The Federal primary and secondary ambi-
ent air quality standards for total sus-
pended particulates (TSP) are contained 
in 40 CFR 50.6 and 50.7. It was the in-
tent of this project to effectively 
reduce dust emissions from haulage roads 
and tailing basins. 
Fugitive dust sources in surface mines 
include haulage roads, tailing basins, 
stockpiles, topsoil removal, drilling, 
blasting, overburden handling, mineral 
extraction, truck and rail car loading 
and unloading, material handling, mainte-
nance and construction activities, and 
mineral processing. Since haulage roads 
and tailing basins are the leading 
sources of fugitive dust from surface 
mining operations (l-2),3 the Bureau 
of Mines has directed the major part of 
its fugitive dust research to these 
areas. 
Dust control from haulage roads and 
tailing basins has not been developed to 
the same extent as dust control from most 
industrial sources. The technology for 
controlling dust from industrial sources 
with conventional dust collectors is well 
documented, and continuous control or re-
moval efficiencies may exceed 99 pct (3). 
These collectors include cyclones, scrub-
-hers-, fa-bric filters, and electrostatic 
precipitators. Such control is not pos-
sible for fugitive dust from haulage 
roads, tailing basins, or other open 
sources owing to the large unconfined 
areas involved, constant exposure to wind 
and weather, action of large trucks and 
other types of equipment, and dry surface 
conditions. Dust may be controlled ef-
fectively for several hours to several 
months by chemicals and/or water, but a 
long-lasting cost-effective control meth-
od is still needed. 
Fugitive dust is controlled by contain-
ment, suppression, and removal. The re-
search efforts described in this report 
include several types of chemical dust 
suppression and one containment measure. 
Application of water is the most popular 
method used to control dust at surface 
mines, particularly on haulage roads. 
Water is often not long-lasting, nor is 
it the most cost-effective type of con-
trol (~) because its relatively high 
3Underlined numbers in parentheses re-
fer to items in the list of references 
preceding the appendix. 
surface tension (72 dyn/cm) makes it a 
poor wetting agent for certain types of 
materials. Chemicals have been developed 
to provide more efficient control (~). 
3 
Some are applied dry or as full-st r ength 
solutions, but most are mixed with water 
and applied as diluted solutions. 
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OBJECTIVE AND APPROACH 
The objective of the Bureau fugitive 
dust research program was to develop 
technology to reduce dust emissions from 
haulage roads and tailing basins, so as 
to reduce costs, increase productivity, 
and protect the local environment. The 
Bureau work in road dust control during 
fiscal years 1982 and 1983 consisted 
of field testing "newer chemical dust 
suppressants, for which little was 
known concerning their effectiveness (as 
contrasted with the well-known chemicals 
calcium chloride, lignin sulfonate, and 
Coherex4 ), and of devising innovative 
dust controls for haulage trucks. The 
initial approach to tailing basin dust 
control research was stabilization of the 
tailing surface with chemical dust sup-
pressants. The next step consisted of 
combining the chemical treatment with 
seeding grasses and legumes to establish 
a more permanent type of dust control. 
HAULAGE ROAD DUST CONTROL 
The haulage road dust control research 
was performed at the J. L. Shiely Co. 
sand and gravel operation on Grey Cloud 
Island, Washington County, MN. The com-
pany is a major producer of sand and 
gravel and other aggregates for the 
Minneapolis-St. Paul metropolitan area. 
At this site, sand and gravel were mined 
by power shovel and backhoe and hauled to 
the plant by four bottom-dump trucks of 
80- to 90-st capacity (fig. 1). The dis-
tance from the face of the pit to the 
plant was approximately 1 mile. The 
haulage route varied according to pit 
operations, but generally one road was 
used for hauling material to the plant, 
and another road was used for empty 
trucks returning to the pit. Both roads 
joined about 0.125 mile from the plant 
(fig. 2), and a round trip between the 
pit and the plant took about 20 min. 
The company was interested in improving 
dust control from operational and envi-
lonmental standpoints. Shiely used water 
application to control road dust levels, 
and during hot weather up to 50,000 gal 
of water per day was required to maintain 
proper control. 
The company markets a variety of sand 
and gravel products which are mainly 
transported to distribution points by 
river barge. The remainder is hauled 
from the plant by truck. The haulage 
roads were constructed of local soil, 
which is quite sandy, with a top dreSSing 
of sand and gravel. 
CHEMICAL DUST SUPPRESSION 
Chemicals Selected for Testing 
FOUl chemi~al dust suppressants we~e 
selected for testing: (1) AMS 2200, a 
petroleum derivative, (2) Dustgard, an 
MgC12 salt, (3) Dust-set, a resin, and 
(4) Haulage Road Dust Control, a wetting 
agent. These chemicals were selected 
for their differing characteristics and 
4Re ference to specific products noes 
not imply endorsement hy the Rureau of 
Mines. 
4 
FIGURE 1.-Loaded haulage truck traveling from pit to plant. 
because not much was known about their 
effectiveness in suppressing dust. The 
most commonly used chemicals such as 
Coherex, lignin sulfonate, and CaC12 were 
not testeq. The MgC12 salt was chosen 
because it was used in Bureau-sponsored 
contract research for tailing basin dust 
control (~), and its effectiveness in 
that study could be compared with that in 
this research. 
The petroleum derivative and resin con-
trol dust by binding the loose particles 
on the road surface into a crust to pre-
vent the fines from becoming airborne. 
The MgC12 salt is hygroscopic and deli-
quescent, that is, the chemical absorbs 
moisture from the atmosphere and main-
tains the road in a moist condition to 
control dust. 
Wetting agents used for haulage road 
dust control are applied as diluted solu-
tions (e.g., 3,000:1). They are intended 
to improve the dust-suppressing capabil-
ity of the water applied to the road sur-
face by reducing the surface tension of 
water and increasing its wetting abil-
ity. The chemical and physical proper-
ties of the dust suppressants used in the 
Bu-Fe-au's -h-a-uia-ge road dust control are 
presented in table 1. 
Surface Preparation and Chemical 
Application 
The chemicals were applied to haulage 
road sections approximately 400 ft by 45 
ft, as instructed by their respective 
vendors. The chemical application was 
made directly to the surface with no mix-
ing or blading during or after applica-
tion. A 400-ft-long untreated test area 
was located adjacent to the treated area, 
for comparison. These sections were also 
unwatered prior to testing the petroleum 
derivative, MgCl2 salt, and resin. 
The petroleum derivative test area re-
quired no pretreatment other than normal 
grading. Truck traffic provided enough 
compaction. The MgCl2 salt required a 
moist surface to allow the chemical to 
penetrate (~); sometimes it may be neces-
sary to apply additional water to provide 
that moisture. In the Bureau studies, a 
light rain falling during the first ap-
plication of the MgC12 salt provided 


















Chemical Application do te 
Petroleum derivative August 1982 
M<;ICI 2 salt August 1982 
MOCI2 salt October 1982 
Resin July 1983 
Petroleum derivative October 1982 
Untreated control section 
Wettino aoent July 1983 
Water July Auoust 1983 
Untreated control section 
Water July 1983 
Wettino aoent July-August 1983 
Untreated control section 
Notes: 
a No emission tesling from areas 1,2 and 6 (see text) 
b All areas are 400by40-45fl 
C Not to sca Ie 





TABLE 1. - Chemical and physical properties of dust suppressant chemicals 
used in haulage road dust control research 
Dust Sp gr, Flash- Boiling 
suppressant Trade name Color pH g/cm3 point, point, Generic description 
chemical DC DC 
Petroleum AMS-2200 •••••• Tan •••• 7.0 0.98 >104 100 Aromatic petroleum-
derivative. fatty acid emulsion. 
MgC12 salt •••• Dustgard •••••• Clear •• 7.0 1.32 None 100 32 pct MgC12. 
Pretreatment Dust-Set- •• do ••• 5.5 1.09 77- 82 77 A blend of Dust-Set, 
chemical Amended sodium d-octyl sul-
for resin Water fosuccinate, water, 
application. Base. and ethanol. 
Res i n ••••••••• Dust-Set Dust •• do •.. 4.5 1.05 None 100 Nonpetroleum cold 
Abator. water suspension of 
synthetic resins and 
adherents. 
Wetting agent. Haul Road Pink ••• 7.2 NA >260 NA A blend of anionic 
Dust Control. and nonionic 
surfactantsc 
NA Not available. 
TABLE 2. - Dilution and application rates for dust 
suppressant chemicals used in haulage road dust 
control studies 
Dust Dilution ratio, Application rate, 
suppressant water:chemical gal/yd 2 
chemical Solution Chemical 
Petroleum 4:1 1.0 0.2 
derivative. 
MgC12 salt ••••• None .5 .5 
Resin: 
Pretreatment. 100: 1 .25 <.005 
Re sin •••••••• 24:1 1 .25 .01 
Wetting agent 3,000:1 2 .15- .20 <.005 
1 3 applications of resin were required. 
2The wetting agent was applied prior to testing 
each day. 
application was done after blading, which 
brought moist. material to the surface. 
The area treated with the resin was 
first sprayed with a conditioning agent 
(containing Dust-Set-Amended Water Base) 
to provide faster surface wetting and al-
low penetration from the surface. This 
pretreatment also prevented reactions be-
tween the resin and any hydrocarbons 
present in the roadway. No pretreatment 
was needed for the wetting agent. 
The chemical dilution and application 
rates are given in table 2. All chemi-
cals except the MgCl2 salt were ap-
plied by Bureau personnel using an 
agricultural-type sprayer, shown in fig-
ure 3. The sprayer's SOD-gal tank pro-
vided enough solution to treat a 400- by 
4S-ft section of road surface at a rate 
of 0.25 gal/yd 2• The pump had a 160-
gal/min capacity at 40 psi and was pow-
ered by an 8-hp, four-cycle gasoline 
engine. Fourteen nozzles were spaced ap-
proximately 11.5 in apart on spray bars. 
The total length of the boom was 12.5 ft. 
The sprayer was operated at approximately 
30 psig when applying the chemicals, ex-
cept while spraying the resin; when the 
equipment would only develop a maximum 
pressure of 20 to 25 psig. At 30 psig, 
7 
FIGURE 3.-Chemlcal application by Bureau personnel. 
the nozzle pressure was estimated to be 
10 psig because of pressure loss through 
the hoses and fittings. This was esti-
mated by collecting sprayed solution from 
one nozzle and comparing the result with 
the manufacturer's published data (6). 
The MgC12 salt was applied by the ven-
dor with a spreader truck normally used 
for coating asphalt roads (fig. 4). The 
material was applied at the rate of 0.5 
gal/yd 2• 
Testing Equipment and Procedures 
Two types of testing were performed: 
dust emission sampling and soil sampling. 
Dust Emission Sampling 
Dust levels from the haulage roads were 
measured with GCA RAM-I dust monitors 
(fig. 5). The operation and performance 
of this instrument have been described in 
the literature (l-~). The instrument can 
be operated in the three concentration 
ranges (readout resolution) of 0 to 2, 0 
to 20, and 0 to 200 mg/m3 , and in four 
measurement time constants of 0.5, 2, 8, 
and 32 s. The RAM-I was operated without 
a cyclone precollector for particle size 
selection, which permitted measuring par-
ticles up to 20 ~m in diameter. 
For the testing described in this re-
port, the monitors were usually operated 
with a measurement time constant of 2 s 
and a readout resolution or concentration 
range in the 0- to 20-mg/m 3 scale. The 
monitors were placed downwind from the 
test section, and the readings were re-
corded on a dual-channel strip chart re-
corder. Nearly all the testing was done 
when winds were from a southerly direc-
tion. The instruments were then placed 
on the north side of the road on a berm 
adjacent to a pond, which ran the entire 
length of the road (fig. 2). This con-
figuration limited placement of the in-
strumentation to within 5 m of the road. 
The test layout is shown in figure 6, 
and figure 7 shows the instrumentation in 
place. Placement of the instrumentation 
close to the road allowed reading of,even 
low levels of emission during effective 
control. 
8 
FIGURE 4.-Appllcatlon of MgCI. salt by the vendor. 
FIGURE 5.-GCA model RAM·1 real·tlme aerosol monitor. 
Tests consisted of recording the level 
of dust generated by haulage trucks 
passing the test area. The testing was 
performed periodically during the work-
shift to record the potential effects of 
temperature and humidity over time. 
Soil Sampling 
The silt content of an open dust 
source, such as the surface of a haulage 
road or a tailing basin, is one of the 
factors that influence the amount of dust 
generation (5, 9). Silt is defined as 
the soil material that will pass through 
a 200-mesh (74-~m) screen by dry sieving 
<.~) • 
Soil samples were taken by sweeping ma-
terial from the roadway and dry sieving 
it on a 200-mesh screen. Analyses of the 
13 soil samples are shown in table 3. 
Road surfaces with silt contents between 
4 and 8 pct should be amenable to all 
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FIGURE S.-Haulage road dust control test configuration. 




Those with silt contents less than 4 pct 
provide insufficient surface area for 
adhesive bonding to be effective; those 
with more than 8 pct silt flex €xcessive-
ly and break any chemical bonds that are 
formed (9). The silt content from the 
untreated road sections was between 4 and 
8 pct in five of the six sites sampled 
(table 3). 
The moistu~e contents were also deter-
mined in the first nine soil samples and 
are discussed under the section pertain-
ing to test results from the MgC1 2-salt-
treated section. 
Results and Discussion 
The test results are presented for each 
chemical applied. The data presented in 
this section are summaries of individual 
test readings contained in the appendix. 
Petroleum Derivative 
The tests of the petroleum derivative 
and MgC12 salt were performed concur-
rently. The petroleum chemical was first 
applied in August 1982, to area 1 (fig. 
2). The company operations were changed 
TABLE 3. - Silt contents 1 of the tested 
road surface samples 
Chemical Site Sample Silt 
and sample (fig. 2) date content, 
pct 
MgC12 : 
A •••••••••• 2 8-25-82 3.9 
D •••••••••• 2 9-22-82 5.9 
G •••••••••• 3 10-18-82 2.8 
Petroleum 
deri vati ve: 
B •••••••••• 1 8-25-82 4.7 
E •••••••••• 1 9-22-82 6.4 
H •••••••••• 4 10-18-82 2.1 
None: 
C •••••••••• 6 8-25-82 4.4 
F •••••••••• 5 9-22-82 5.5 
I •••••••••. 5 10-18-82 5.2 
K •••••••••• 4 7-14-83 3.3 
L •••••••••• 4 8- 9-83 4.5 
M •••••••••• 5 8- 9-83 6.0 
1 Silt content is defined as soil mate-
rial passing a number 2004mesh screen. 
shortly afterward, which restricted test-
ing at that location. Some exceptionally 
wet material was hauled from the pit, 
causing water to fall from the bottom of 
the trucks along the entire route to the 
plant, including the treated areas. The 
road surface became wet and prevented any 
meaningful testing while this condition 
existed. The company ceased normal pit 
operations at the end of August for 2 
weeks owing to low demand for sand and 
gravel. The traffic pattern between the 
pit and plant was changed when production 
resumed later that year. 
A second application of petroleum deri-
vative was then applied to area 4 (fig. 
2) during October 1982 in the same manner 
as the initial treatment, as this area 
was part of the road generally used by 
empty trucks returning to the pit. This 
change allowed testing without interfer-
ence from water and excessive amounts of 
sand and gravel falling on the roadway 
from the loaded vehicles. Despite this 
precaution, the surface became coated 
with material falling from the trucks 
and/or blowing onto the roadway. 
Th~ __ pe~ro.le_um derivative formed a crust 
up to 0.25 in thick. This crust de-
creased in thickness during the test pe-
riod. Tests were performed 9, 13, and 21 
days after chemical application during 
October 1982; the operation was closed 
for the winter soon afterward. A summary 
of the test results is presented in table 
4 and figure 8. 
Control efficiency, which is the per-
centage reduction in dust emission, was 
used to compare the effectiveness of dust 
suppressants and is calculated in the 
following way: 
Percent efficiency [ 1 - ~ = ~ ] 100 
B, U, and T are measurements of back-
ground (measurements taken with no traf-
fic present), untreated control section, 
and treated test section dust concentra-
tions, respectively, in milligrams per 
cubic meter. The control efficiency was 
49 pct during the first test, 76 pct dur-
ing the second test, and 84 pct in the 
final test. Extremely dusty conditions 




































Test I Test 2 Test 3 Average of 
tests I to3 
FIGURE S.-Average dust levels from the petroleum·derlvative·treated and salt·treated sections and from the 
untreated section. 
TABLE 4. - Dust emissions from sections treated with MgCl2 salt 
and petroleum derivative 
Treatment and site 1 
Av background ••••••••••••••••••••••• mg/m 3 •• 
Av dust level, mg/m3 : 
Untreated (site 5) ••••••••••••••••••••••• 
MgCl2 (site 3) ••••••••••••••••••••••••••• 
Petroleum derivative (site 4) •••••••••••• 
Control efficiency, pct: 
MgCl 2 salt (site 3) •••••••••••••••••••••• 
Petroleum derivative (site 4) •••••••••••• 
1 From figure 2. 
period where the average level of emis-
sions from the untreated section, not in-
cluding background, was 12.5 mg/m3 • This 
is compared with 1.5 and 1.3 mg/m3 during 
the first and second tests, respectively. 
Emissions from the treated section were 
0.79 mg/m3 during the first test, 0.3$1 
mg/m3 during the second test, and 2.04 
mg/m3 in the third test. Relative hu-
midity was probably the major cause of 
higher dust levels trom both the treated 
and untreated sections during the third 
Test 1 Test 2 Test 3 Av of 3 
tests 
<0.02 <0.02 0.03 0.02 
1. 52 1.29 12.50 5.10 
0.21 0.03 0.20 0.15 
0.79 0.31 2.04 1.05 
87.3 99.2 98.6 95.0 
248.7 77.2 83.9 69.9 
test. The minimum relative humidity on 
that date was 30 pct at 1500 h, compared 
with 43 pct at 1800 hand 54 pct at 
1500 h during tests 1 and 2, respectively 
(~). Wind direction and velocity and 
temperature were relatively constant dur-
ing the testing. 
Magnesium Chloride Salt 
The tests with MgCl2 salt were per-
formed concurrently with those of the 
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petroleum derivative. The MgCl2 salt was 
first applied to area 2 (fig. 2) in 
August 1982 as described in the "Surface 
Preparation and Chemical Application" 
section. That site became unsuitable for 
the same reasons given in the "Petroleum 
Derivative" section, and a second appli-
cation of MgCl2 salt was then performed 
on area 3 (fig. 2) when normal pit opera-
tions resumed. The MgC12-salt-treated 
area was adjacent to that treated with 
petroleum derivative. The tests were 
performed in October 1982, 10, 14, and 
22 days after chemical appl icat ion, us-
ing the methods described in the "Test-
ing Equipment and Procedure" section. 
Production was halted for the winter 
shortly after the final test period. 
A summary of the MgCl2 salt test re-
sults is given in table 4 and shown in 
figure 8. Under the test conditions, 
MgCl2 salt with an average emission re-
duction of 95 pct controlled dust more 
effectively than the other test chemi-
cals. A demonstration of these results 
is shown in figures 9, 10, and 11, where 
FIGURE B.-Haulage truck on an untreated section. 
FIGURE 10.-Haulage truck on a section treated with petroleum derivative. 
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FIGURE 11.-Haulage truck on a section treated with MgCl, salt. 
FIGURE 12.-Sectlon of road (foreground) treated with MgCl, salt approximately 4 weeks earlier. 
a haulage truck is first shown traveling 
on the uncontrolled section, then on the 
section treated with petroleum deriva-
tive, and finally on the section treated 
with MgC12 salt. 
The control efficiency for the MgC12 
salt was 87 pct 10 days after application 
and 99 pct both 14 and 22 days after ap-
plication. Average dust emissions from 
the area treated with MgC12 salt were 
0.21 mg/m3 in the first test, 0.03 mg/m3 
in the second test, and 0.20 mg/m3 in the 
third test (10, 14, and 22 days after ap-
plication, respectively). 
The hygroscopic and deliquescent nature 
of the MgC12 salt was demonstrated by the 
treated area remaining damp despite the 
amount of material deposited on the sur-
face. The darker road surface in the 
foreground of figure 12 shows where the 
MgC12 salt had been applied approximate-
ly 4 weeks earlier. Note the distinct 
difference in appearance between the 
MgC12-salt-treated surface (darker) and 
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the adjacent petroleum-derivative-treated 
surface (lighter). The effect continued 
until the operation closed for the win-
ter, approximately 1 month after chemical 
application. Further observations were 
impossible because the entire area was 
covered by snow. 
Moisture analysis was performed on nine 
soil samples from areas treated with 
MgC12 salt and petroleum derivative and 
from the untreated area to determine the 
hygroscopic effect of the MgC12 salt. 
The results of this analysis are shown 
in table s. The moisture retention capa-
bility of the salt is evidenced by higher 
average moisture contents than those from 
areas left untreated or those treated 
with the petroleum derivative. The aver-
age moisture content from samples with 
MgC12 salt treatment exceeded that of 
samples from untreated sections by ISO 
pct and that of samples from the petro-
leum-derivative-treated area by 240 pct. 
Sample D shows a lower moisture level 
than the other samples from the MgC12-
salt-treated area because the sample 
was taken 39 days after the chemical 
application. 
Resin 
Two applications of the resin were made 
on area 3 (fig. 2), and testing was ini-
tiated on July 6, 1983, 5 days after the 
second application. A third application 
was required 5 days later because of a 
heavy rainfall. Three tests were con-
ducted before resin testing was discon-
tinued because the average dust level 
from the treated area was 10.5 mg/m 3 com-
pared with only 5.1 mg/m3 for the un-
treated section (area 4, figure 2). The 
chemical was not effective under existing 
conditions; however, the lack of favor-
able results does not preclude possi-
ble resin use where soil types are dif-
ferent and/or traffic conditions are less 
severe. 
Wetting Agent 
The fourth chemical tested was a wet-
ting agent added as a dilute solution 
(3,000:1) in the water normally applied 
to the haulage roads for dust control. 
TABLE s. - Moisture contents of soil 
samples from sections treated with 
MgC1 2 salt and petroleum derivative 
and from the untreated sections 
Chemical Site Moisture Days after 
treatment (fig. 2) content, applica-
and sample pct tion 
MgC12 : 
A ••••••••• 2 1.60 12 
D ••••••••• 2 .71 39 
G ••••••••• 3 1.44 13 
Petroleum 
derivative: 
B ••••••••• 1 .37 14 
E ••••••••• 1 .37 41 
H ••••••••• 4 .36 14 
None: 
c ••••••••• 6 .79 NAp 
F ••••••••• 5 .15 NAp 
I ••••••••• 5 .55 NAp 
NAp Not applicable. 
The wetting agent was applied in a dif-
ferent manner than the other chemicals 
tested because of the temporary nature of 
its control. The wetting agent solution 
wa.?~~~lied pr.ior _ to each _day' s t~s ting 
on one section of road, and an adjacent 
section was treated with an equal amount 
of water. Dust levels were determined in 
the same manner as with the other chemi-
cal treatments, and comparisons were made 
only between the treated section and the 
untreated (watered) section. Dust levels 
were recorded during the 4 days of test-
ing. Information concerning dates and 
locations of the tests appears in table 
A-3. 
After two tests, the ~ection treatment 
was reversed to compensate for variations 
in the road surface and traffic pattern 
between the two areas. Sufficient time 
was allowed between the switching of test 
areas to prevent any carryover effect 
from the wetting agent. Comparisons were 
made at regular intervals following chem-
ical or water application (table 6). A 
direct comparison of simultaneous read-
ings from the two areas was not possible 
because of the time required to treat the 
two test sections and the rapid evapora-
tion of moisture from the road surface. 
There was no significant difference 
TABLE 6. - Average dust levels 
after ion of wetting 
agent and water 
Elapsed time t level, m 1m3 
min agent Water only 
31-45 •••••••• 0.10 
46-60 •••••••• .57 
61-75 •••••••• 1.25 
76-90 •••••••• 1.62 
91-105 ••••••• 1.44 
106-120 ••••••• 1.22 
121-135 ••••••• 3.18 
136-150 ••••••• 4.94 
151-165 ••••••• 4.12 
166-180 ••••••• 4.20 
181-195 ••••••• 2.12 
196-210 ••••••• 4.70 
211-225 ••••••• 5.74 
226-240 ••••••• 5.87 
241-255 ••••••• 5.67 
Mean ......... 2.81 
ND Not determined. 
NOTE.--All averages are 
between the dust levels 
the two types of treatment 
A complete study of this 
cal road dust control would 
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FIGURE 13.-Dust control measured for 4 h foillowing ap-
plication of water and wetting agent. 
15 
various dilution ratios and application 
rates, effect of weather conditions, and 
carryover effects from continuous 
term cation of the Such 
is outside the scope of this 
Cost Analysis 
The cost of chemical dust 
must also be considered in addition to 
their effectiveness. The cost is 
of chemicals used in this s is shown 
in table 7 and was estimated the 
following 
The estimated labor and costs 
associated with road surface prepara-
tion and chemical were based 
on those deve in a recent Bureau 
of Mines-sponsored research effort (4). 
Surface for applying the 
MgCl2 salt, derivative, and 
resin was $600 per mile. The cost of ap-
plying these chemicals was estimated at 
$90 per ion. The cost of 
ing wet was estimated at $7 per 
application, the same as the cost of ap-
plying water, This analysis does not in-
clude the cost of obtaining water used in 
chemical 
For the derivative, the ap-
plication rate was 1.0 gal/yd 2 of 
solution (4:1 dilution). The manufac-
turer has discontinued ion of the 
tested product. Cost data for 
roleurn product at 
the same rate, have been 
substituted. No other comparison between 
the two chemicals is being claimed. The 
cost per mile was estimated at $9,490. 
The assumed application rate of 2 
salt was 0.5 gal/yd 2 of solution 
as received from the vendor. The MgCl2 
salt was the most successful chemical in 
reducing dust at an cost of 
$7,026 per mile. The cost was 
very significant. ion costs 
to a Midwestern location were 150 of 
the purchase price. The shipping 
costs were incurred the 
product in a dilute solution as opposed 
For 
1-pct 
concentrated form for the other 
tested. 
one of a 
solution followed by one 
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TABLE 7. - Cost comparison of four dust suppressant chemicals based on a 
haulage road 1 mile long by 50 ft wide 
Petroleum MgC12 Resin Wetting 
derivative salt Pretreat- Resin agent 
ment 
Dilution ratio, water-chemical ••••••• 4: 1 None 100 : 1 24: 1 3,000:1 
Solution applicat ion rate ••• gal/yd 2 •• 1.0 0.5 0.25 '0.50 0.25 
Amount of chemical required ••••• gal •• 5,867 14,667 73 587 2.4 
Product cost: 0·115 
Chemical •••••••••••••••••••• $/gal •• 21. 20 .~ 17.71 14.79 4.00 
Shipping 3 •••••••••• • •••••••• $/gal •• 0.30 0.26 0.96 0.92 0.88 
Tota1 4 ••••••••••••••••••••••• $/mi •• 8,800 6,336 ( 5) 10,585 12 
Labor and equipment cost 6 •••••• $/mi •• 690 690 ( 5) 870 7 
Total application cost 7 •••••••• $/mi •• 9,490 7,026 (5) 11,455 19 
I IL 2 appllcations of 0.25 gal/yd each. 
2Manufacturer has discontinued this product since testing; therefore, cost data for 
another petroleum product (Coherex) were substituted here. No other comparison is 
intended. 
3From manufacturing plant to Minneapolis-St. Paul, MN. 
4Total cost = (chemical cost + shipping cost) x (amount of chemical required). 
5Total cost included with resin chemical cost. 
6Surface preparation (all chemicals) = $600 per mile; each chemical application 
$90 per mile; each application of water = $7 per mile (4). 
7Cos t of water used for dilution is .not included. -
application of resin diluted to 24:1 with 
water and two applications at 32:1 dilu-
tion were assumed. All resin applica-
tions were at 0.25 gal/yd 2 of solution. 
The estimated cost per mile was $11,455. 
The estimated cost of a single wetting 
agent application is $19, which is con-
siderably less than for any other chemi-
cal tested. However, the wetting agent 
is an additive to water used for haul 
road dust suppression and, therefore, 
would normally be applied one or more 
times each day depending on the road 
conditions. 
The frequency of application required 
to maintain an adequate level of control 
was not determined for any of the dust 
suppressant chemicals tested. The fre-
quency of chemical application will vary 
according to operational factors such as 
weather and climatic conditions, type and 
amount of traffic, vehicle speed, type 
and condition of road surface, applica-
tion method, and material deposited on 
the roadway. Both applications of MgC12 
salt were effective up to 1 month after 
chemical application. Dust control effi-
ciency of 99 pct was obtained' from the 
MgC1 2-salt-treated section 21 days after 
appli~atJon, and an 84-pct control effi-
ciency was obtained from the petroleum-
derivative-treated section 22 days after 
application. 
AERODYNAMIC MODIFICATIONS 
TO HAULAGE TRUCKS 
The second area of haulage road dust 
control investigation was aerodynamic 
modifications to haulage trucks. A lit-
erature search was conducted to obtain 
information on the effects of aerodynam-
ics on fugitive dust generation from 
haulage trucks and aerodynamic devices 
that could be added to haul trucks to re-
duce these dust levels. Most sources re-
lated to aerodynamics of highway trucks 
and automobiles dealt with improving fuel 
economy (11-14). Several devices were 
considered--for experimentation. A Redd-
away-type fender (ll) was selected to 
determine if dust could be controlled by 
enclosing the wheel to prevent dust from 
escaping. The Reddaway fender is used to 
control water sprays from large highway 
trucks traveling on wet pavement. The 
advantages of this device include easy 
installation and ready access to the 
wheels. The Reddaway fender consists of 
panels in front of and behind the wheel 
and a side panel that extends down over 
the upper surface of the wheel. Several 
variations are possible in the construc-
tion and use of this fender. Further en-
closure of the wheel can be achieved by 
extending the side panel down to the base 
of the front and rear panels and enclos-
ing the inner side of the fender below 
the axle. An exploded view of a Reddaway 
fender is shown in figure 14. 




Pane I A (2) 
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Fender Construction 
Two fenders were fabricated from sheet 
aluminum and steel angle stock as shown 
in figure 14. The test fender was de-
signed for rapid installation on a 
single-axle dump truck (fig. 15). Addi-
tional wheel enclosure was obtained by a 
temporary extension of the side panel to 
the base ot the back and front panels, 
which are about 4 in from the road sur-
face (fig. 16). The inside of the fender 
below the axle was also temporarily en-
closed to the same point. 
Pane l 
FIGURE 14.-Exploded view of Reddaway-type fender. 
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FIGURE 15.-Bureau dump truck fitted with Reddaway·type fender. 
FIGURE 16.-Reddaway·type fender with additional wheel enclosure for testing purposes. 
Field Testing 
The dust control effectiveness of the 
Reddaway fender was tested at area 4 
(fig. 2) in the same manner as the dust 
suppressant chemicals described earlier. 
A 5-yd 3 -capacity, single-axle dump truck 
was used to simulate a mine haulage 
truck. The fenders were bolted to the 
truck box (fig. 17). The tests were per-
formed on a section of haulage road sur-
face that was not chemically treated and 
was not watered prior to testing. 
The testing configurations included no 
wheel enclosure, standard mud flaps, the 
fender as initially constructed, and the 
fender with extended side panels. The 
test also included measurement of dust 
emissions from a mine haulage vehicle. 
Test Results 
The results of the aerodynamic testing 
using various configurations of wheel en-
closure are contained in table 8. These 
data indicate that the fender, either as 
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TABLE 8 . - Dust emission measurements 
from a 5-yd 3 dump truck fitted with 
various fender configurations and 
from a mine haulage vehicle 
Fender and/or flap con-
figuration on truck: 
None ••••••••••••••••••• 
Standard mud flaps •••• • 
Reddaway fender •••••••• 
Extended Reddaway 
fender •••••••••••••••• 

















NOTE.--AII tests with Bureau dump truck 
at 30 mi/h. 
constructed or modified, did not signif-
icantly reduce dust levels. With the 
fenders the dust pattern formed an acute 
angle with the road surface toward the 
rear of the fenders, permitting dust to 
escape through the 4- to 6-in space 
FIGURE H .-Field testing the Reddaway·type fender. 
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between the base of the fender and the 
road surface and billow away from the 
truck (fig. 17). The lowest dust concen-
tration was achieved during this series 
of testing when using standard mud flaps. 
This reduction (from 1.13 to 0.70 mg/m3) 
may be due to the flaps extending back 
from the truck and partially intercepting 
the flow of dust. 
No additional testing of aerodynamic 
modifications to haulage trucks was 
performed because of a change in the 
Bureau's mission with respect to fugitive 
dust. 
TAILING BASIN DUST CONTROL 
Tailing disposal areas have been cited 
as a major source of fugitive dust from 
mining operations (1). Tailing is a 
waste product resulting from the process-
ing of metal ores such as iron, copper, 
lead, zinc, .and uranium. The tailing 
wastes are normally deposited in a basin 
as a slurry. If the tailing material re-
mains exposed and is allowed to dry, it 
becomes susceptible to wind erosion. 
Coarse particles become dislodged by the 
wind and move by saltation (the bouncing 
and jumping motion of wind-blown parti-
cles), in turn dislodging finer particles 
(usually less than 100 ~m), which then 
become airborne. Chemical dust suppres-
sion is a major method of controlling 
dust from tailing material surfaces. A 
description of the chemical and physical 
properties of the tailing dust control 
chemicals used in the contract and in-
house research is given in table 9. 
The Bureau awarded a contract (contract 
J0218024) to Environmental Services and 
Technology of Kansas City, MO, to deter-
mine the state-of-the-art in chemically 
stabilizing active tailing basins in the 
United States, develop criteria enabling 
TABLE 9. - Chemical and physical properties of dust suppressant chemicals 
used in tailing basin dust control research 
Dust General Flash- Boil-
suppressant Trade name appearance pH Sp gr, point, ing Generic description 
chemical of liquid g/cm 3 °c point, 
°c 
Lignin Flambinder Dark 3.0- 1. 17 None 110 55 pct calcium lignin 
sulfonate. brown, 3.5 sulfonate, 27 pct sug-
viscous. ars, 3.5 pct CaO, 5 pct 
S. 1 
Lime- Flambinder .• . do .•... 7.0 1. 17 None 110 55 pct calcium lignin 
neutralized NX. sulfonate, 6.4 pct CaO, 
lignin 5 pct S. 1 
sulfonate. 
Petroleum Coherex ••• Ye 11 ow •••• 7.1 1.00- 204 100 60 pct petroleum resin, 
resin. 1. 04 40 pct wetting agent. 
La tex ••••••• Nalco 655. White, NA 1.02 93 90 High-molecular-weight 
viscous. acrylamide-modified 
polymer in emulsion 
form. 
Do •••••••• Nalco 656. • •• do ...•. 8.0 1. 05 >93 98 High-molecular-weight 
anionic acrylamide-
modified polymer in 
emulsion form. 
Mg CI 2······· Dustgard •• Clear ••••• 7.0 1. 32 None 100 32 pct MgCl2. 
NA Not available. 
lThe percentages shown are for a typical sample of chemical and pertain to the com-
position of solids which constitute approximately 50 pct of the lignin sulfonate and 
lime-neutralized lignin sulfonate. 
the optimum selection of chemicals for 
stabilizing tailing basin surfaces, and 
field-test the validity of these crite-
ria. The results are published in a 
final report (2). A brief summary of 
that report is included because the 
Bureau's in-house research on the effect 
of the chemicals on vegetative stabiliza-
tion of tailing basins was an extent ion 
of that contract effort. 
DUST CONTROL ON ACTIVE TAILING PONDS 
State-of-the-Art Survey 
and Criteria Development 
The project (contract J0218024) was de-
signed to develop field evaluation crite-
ria to determine the effectiveness over 
time of chemical stabilizers, and, 
through field tests described below, to 
validate these criteria and evaluate the 
effectiveness of several types of chemi-
cal dust suppressants. 
The first phase of the study consisted 
of acquiring information on tailing basin 
dust control from the published litera-
ture and contacts with vendors of chemi-
cal stabilizers and application equip-
ment. A number of mining companies were 
also questioned about their experiences 
with tailing basin dust control. Few 
domestic mining companies have had tail-
ing basin dust control programs for more 
than 5 years, but many are conducting 
studies to establish dust control mea-
sures. Many of these experimental pro-
grams have been inconclusive because a 
means of testing the effectiveness of 
chemical stabilizers over time is gener-
ally not available. 
The major types of chemical dust sup-
pressants used to control fugitive dust 
from tailing basins are (1) lignin sulfo-
nates, (2) petroleum resins, (3) latexes, 
(4) salts, (5) plastics, and (6) wetting 
agents. 
The following parameters and evaluation 
criteria were selected to determine the 
ability of various chemical dust suppres-
sants and soil stabilizers to control 
dust and their cost effectiveness: dust 
control effectiveness; meteorology; tail-
ing charar.teristics; product usage re-
quirements; and product, labor, and 
equipment costs. 
Dust Control Effectiveness 
The dust control effectiveness of a 
chemical stabilizer is a major factor in 
selecting it as a tailing dust suppres-
sant. The effectiveness of a dust con-
trol chemical is determined by its abil-
ity to control dust over a specified time 
period. In this case, the time period 
was a wind erosion season of 4 months. 
Wind erosion threshold velocity measure-
ments and emission factor measurements 
are designed to determine the effective-
ness of a chemical over the lifetime of 
its application. Both are explained in 
the "Field Test" section. 
Meteorology 
The meteorology conditions during the 
lifetime of the applied chemical dust 
suppressant govern its long-term effec-
tiveness. The major meteorological pa-
rameters are precipitation, wind di-
rection and velocity, and temperature. 
Relative humidity, which may affect long-
term dust control efficiency, could not 
be properly evaluated in this study. 
Tailing Characteristics 
Two characteristics 
terial that should be 
of the tailing ma-
evaluated before 
selecting a chemical dust suppressant are 
the silt and moisture contents. Coarse 
tailing material (less than 5 pct silt) 
usually requires no chemical stabiliza-
tion. Dry tailing material (less than 
0.75 pct moisture) is susceptible to 
wind erosion and requires some form of 
stabilization. 
Product Usage Requirements 
Before selecting a chemical stabilizer, 
an evaluation of the associated usage re-
quirements of the chemical is needed. 
This will identify potential problems in 
delivery, storage, handling, and applica-
tion of the chemical. 
Costs 
The total cost of a 






product, labor, and equipment. Product 
cost includes the base cost of the chemi-
cal plus shipping cost, which can be 
significant depending on the distance 
from the shipping point and the amount 
of chemical required. In this study, the 
labor and equipment costs were esti-
mated at $30 per acre, although it is 
recognized that this amount may vary 
considerably. 
Cost Effectiveness 
After assessing the merits of the chem-
ical stabilizers according to the previ-
ously mentioned selection criteria, the 
cost effectiveness of the most suitable 
chemicals should be estimated. A cost-
effectiveness evaluation consists of de-
termining the total product, labor, and 
equipment costs necessarx for the appli-
cation and maintenance of chemical stabi-
lizers to achieve a desired level of dust 
control during a wind erosion season. 
Field Testing 
Site and Chemical Selection 
A tailing basin at the National Steel 
Pellet Co., operated by the M. A. Hanna 
Co. near Keewatin, MN, was selected as 
the field site. Eight O.S-acre plots 
(208 by 104 ft) were selected for chemi-
cal application and testing. An un-
treated test plot approximately 2S by 
208 ft in the center of the test area was 
used for control. A general layout of 
the test plots and chemicals used on each 
plot is shown in figure 18. 
The application rate and dilution ratio 
for each of the five test chemicals are 
given in table 10. The chemical solu-
tions were applied to the tailing surface 
on May 25 and 26, 1982, with a high-
flotation-spray vehicle, shown in figure 
19. 
Petroleum resin and calcium lignin sul-
fonate were chosen because of their prev-
alent use by the mining industry. Two 
strengths of each chemical in solution 
were used to determine the effects of 
dilution over time. Two similar latex 
chemicals of the type used by the mining 
industry in northern Minnesota were also 
selected. The fifth chemical selected 
was MgC12 salt, a relatively new dust 
suppressant which is a byproduct of NaCl 
and K2S04 production, manufactured from 
Great Salt Lake brines (15). The MgC12 
salt was applied to a dry~ailing surface 
on one plot and to a tailing surface 
moistened to a depth of 0.5 in on an 
adjacent plot, to evaluate the necessity 
Fine tailing 
-104ft- Lignin Lignin *-25 ft- Latex Latex MgCI2 MgCI2 
Cohere x Coherex su I I ona te sui lonate Untreated (Nalco 656) (Nalco 655) appliea 10 applied 10 
12 : I 9:1 8: I 4 I 132'1 491 dry malerial, weI malerial, 
dilulion dilulion dilution dilution dilution dilulion und i luted undiluted 
20 8 II 
I. Coarse tailing 857 It 
N- Note: Nol 10 sea Ie 
FIGURE 18.-Test plot location and size-contract J0218024. 
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FIGURE 19.-Appllcation of dust control chemical on tailing material-contract J0218024. 
TABLE 10. - Field testing tailing basin dust control chemical dilution 
and application rates--contract J0218024 
Dust Dilution ratio, Chemical application rate I 
suppressant Trade name water:chemical lb/acre gal/acre 
chemical 
Petroleum resin •••• Coherex •••••• 12: 1 790 95 
Do ••••••••••••••• • .• do •••..••. 9:1 1,030 120 
Lignin sulfonate ••• Flambinder ••• 8: 1 1,310 135 
Do ••••••••••••••• . • . do •••.•.•• 4:1 2,370 240 
Latex •••••••••••••• Nalco 655 •••• 49:1 210 25 
Do ••••••••••••••• Nalco 656 •••• 132: 1 80 10 
MgCl2 salt ••••••••• Dustgard ••••• 2None 26,620 2,420 
ISolution application rate was 1,210 gal/acre (0.25 gal/yd 2) for all chemi-
cals requiring dilution with water. 
2A 32" pct MgCl2 salt solution applied without dilution. 
of applying the chemical to a damp sur-
face for efficient dust control. 
Sampling Method 
A portable wind tunnel (fig. 20) was 
the primary instrument used to determine 
the long-term effectiveness of the chem-
ical stabilizers. The working section 
of the wind tunnel was constructed of 
plexiglass, 8 ft long and 6 in square. 
The bottom was open and was placed di-
rectly on the tailing surface. Air was 
drawn through the working section to 
erode the tailing surface and suspend the 
fine particles. Wind speeds up to 50 
mi/h could be generated within the work-
ing section. This velocity is equivalent 
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to approximately 80 mi/h at an extrap -' 
olated height of 10 m, which is the 
standard height for meteorological 
measurement (16). 
After leaving the working section, the 
particle-laden air entered the test sec-
tion of the wind tunnel and was sampled 
isokinetically. A flow-splitting device 
and a IO-stage quartz crystal cascade im-
pactor were used in particle collection 
and measurement for the emission factor 
measurements described below. The field 
test apparatus is shown in figure 20. 
Two types of measurements were performed 
to determine dust control effectiveness--
emission factor measurements and wind 
erosion threshold velocity tests. 
An emission factor is defined as the 
amount of emissions per unit- of sour-ce 
activity. The emission factors developed 
in this study are expressed in grams per 
minute per square meter (g/(min·m2 )) of 
tailing surface. Two units of source ac-
tivity are required to use these emission 
factors for quantifying dust generation: 
(1) the length of time the wind speed is 
at the measured velocity and (2) the a r ea 
of tailing surface affected. 
Thirteen emission factor tests were 
performed on six of the nine test plots 
at various times during the field test 
program. The results are shown in table 
11. The sampling method was similar to 
EPA test procedure method 5 (17) and con-
sisted of performing a nine-point collec-
tion traverse within the working section 
of the wind tunnel. Sampling was per-
formed at wind velocities equivalent to 
40 to 50 mi/h at a IO-m height. The 
working section of the wind tunnel was 
moved for each velocity test to sample 
surface material from which the fines had 
not been removed by previous testing. 
Tests were performed for a specified 
length of time, and the emission level 
was calculated. 
Emission factors were computed for par-
ticles <12 ~m and <2.1 ~m. These parti-
cle sizes are the two size fractions from 
the quartz crystal cascade impactor that 
most closely match the coarse (2.5-
to 15-~m) and fine «2.5-~m) fractions 
FIGURE 20.-Wind tunnel and instrumentation for determining wind erosion threshold velocities and for performing emission 
factor tests-contract J0218024. 
L 
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TABLE 11. Wind erosion emission factor testing--contract J0218024 
Dust suppressant Time since Tailing Velocity, 3 Emission factors, 4 
Test chemical and applica- properties, mi/h at particle 
dilution 1 tion,2 pct Thresh- Test diameter of--
days Moisture Silt old < 12 j.Jm <2.1 j.Jm 
Petroleum resin: 
1 ••• 12: 1 3 0.26 0.05 53 50 2.02 1.23 
2 ••• 9: 1 3 .38 .05 53 50 2.63 1.28 
4 ••• 12: 1 21 .46 1.6 32 40 77.2 7.16 
5 ••• 12: 1 21 .46 1.6 32 40 16.2 2.13 
6 ••• 21 .28 4.3 46 50 .881 .096 
Lignin sulfonate: 
3 ••• 8: 1 3 .32 4.4 50 50 2.68 2.58 
7 ••• 8: 1 21 .35 2.3 31 40 1. 50 .180 
15 ••• 8: 1 63 .28 3.3 43 50 283 54.0 
16 ••• 8:1 63 .30 .3 46 50 1,360 216 
18 ••• Latex (Nalco 655) 64 .10 1.3 45 50 116 18.2 
19 ••• MgC12 salt 5 •••••• 64 .57 6.5 31 40 1,500 213 
42a •• Uncontrolled ••••• -- .37 .5 40 45 73.8 17.2 
43 ••• ••• do •••••••••••• -- .35 1.0 43 50 25.6 3.10 
I Dilution ratio shown only where 2 different strengths of the same chemical were 
ap~lied. 
Petroleum resin and lignin sulfonate were applied on May 25, 1982, and the latex 
and MgCl2 salt were applied on May 26, 1982. 
3Calculated for a 10-m height. 
4Expressed as 10- 3 g/(min·m2). 5Applied to a dry surface. 
measured by the dichotomous sampler used 
for ambient aerosol monitoring (~). 
An example emission inventory calcula-
tion for estimating the amount of <12-j.Jm 
material entrained from two hypothetical 
tailing areas follows. One area was re-
cently treated with a chemical dust sup-
pressant and has an emission factor for 
<12-j.Jm material of 0.0162 g/(min'm 2) at a 
wind velocity of 40 mi/h at an equivalent 
10-m height. The second area has lost 
most of its bonding strength from a pre-
viously applied chemical and has an emis-
sion factor of 1.5 g/(min'm 2) at the same 
velocity. A windstorm occurs with 40-
mi/h gusts. The emission factor of each 
tailing area is multiplied by the total 
time of the 40-mi/h wind gusts (assume 10 
min) and the number of square meters in 
an acre (4,047 m2 = 1 acre). The emis-
sions of <12-j.Jm material resulting from 
the storm for the recently treated area 
would be 0.66 kg/acre, compared to 60.7 
kg/acre for the other plot. 
Wind erosion threshold velocity tests 
were used to compute the control effi-
ciency during the lifetimes of the 
various chemical applications. Wind ero-
sion threshold velocity is the speed when 
saltation begins and the tailing parti-
cles begin to move. This was determined 
by observing the tailing surface through 
the top of the plexiglass working area of 
the wind tunnel and recording the wind 
velocity at which movement was noted. 
The control effectiveness was deter-
mined by assuming a 100-pct control imme-
diately following chemical application. 
Threshold velocity measurements were 
taken six times during the next 4 months, 
and the data were normalized by setting 
the lowest threshold velocity value for 
t hat particular plot equal to a control 
efficiency of O. The lowest threshold 
velocity value usually occurred during 
the final test period and was always 
within the range of the threshold veloc-
ities measured for the untreated tailing 
material. 
The formula used to calculate the con-
trol efficiency using the normalized 




Vt I - Vtc ] Pct control = V x 100 
efficiency tl 
where Vtl threshold velocity from the 
initial test period, mi/h 
and Vtc threshold velocity from the 
current test period, mi/h 
The mean dust control efficiency for 
each chemical treatment, 2 and 4 months 
after application, is shown in table 12. 
Cost Effectiveness 
The cost effectiveness of each dust 
suppressant chemical was computed in 
terms of dollars per acre (product, la-
bor, and equipment). Two levels o·f dust 
control were selected--90+ pet (consid-
ered the maximum attainable control lev-
el) and 75 pct. The minimum period 
considered was 90 days, which is the ap-
proximate length of the pe~k spring and 
fall wind erosion periods in northern 
Minnesota. A minimum of two such treat-
ments each year are required to provide 
protection during those peak emission pe-
riods. Additional applications may be 
necessary during the summer if precipita-
tion does not keep the tailing moist and 
during the winter if the snow cover is 
insufficient to prevent dust generation. 
The results of the cost-effectiveness 
analysis of the chemicals tested are 
shown in table 13. 
EFFECTS OF CHEMICAL DUST 
SUPPRESSANTS ON REVEGETATION 
The Bureau evaluated vegetative re-
sponse on Minnesota taconite tailing ma-
terial that had been chemically treated 
to control dust generation. The objec-
tive of this research was to compare veg-
etative response (germination, emergence, 
and growth) on untreated tailing mate-
rial with that achieved on material with 
chemicals found acceptable in earlier re-
search (under contract J0218024) involv-
ing chemical dust control on active tail-
ing basins (5). 
Tailing material is generally stabi-
lized either by chemical addition, to 
control dust temporarily, or by vegeta-
tion establishment, which can be either 
TABLE 12. - Mean chemical dust control 
percent efficiency 2 and 4 months 
after application--contract J0218024 
Dust suppressant After After 
chemical 2 months 4 months 
MgC1 2 salt applied to--
Wet surface .......... 82 66 
Dry surface •.••••.••• 65 48 
Latex: 
Nalco 655 •••••••••••• 69 48 
Nalco 656 ••.••••••••. 67 47 
Lignin sulfonate: 
4: 1 ratio ••......•... 61 44 
8: 1 ratio ••••••••..•. 57 38 
Petroleum resin 
(Coherex) : 
9: 1 ratio ........... 54 38 
12: 1 ratio •.•.••..••. 43 31 
temporary or permanent in design. In 
areas subject to severe wind and/or water 
erosion, chemical dust suppression soon 
loses its effectiveness, and tender, 
emerging vegetation is quickly destroyed 
by the eroding nature of wind- and water-
borne tailing particles. 
Th-is s-tudy was designed to determine 
the effect of chemical dust suppression 
on vegetation planted on the tailing. If 
the chemical treatment will not prevent 
seed germination and growth (but will 
perhaps even enhance vegetation devel-
opment in some cases) and will protect 
the vegetation in its tender, young 
stages by controlling dust, then by the 
time the chemical dust suppression effect 
has worn off, the vegetation should be 
sufficiently developed to control dust 
generation. 
The investigations consisted of 
(1) laboratory growth chamber research to 
evaluate the effects of acceptable dust 
control chemicals on vegetation and 
(2) field tests on a northern Minnesota 
taconite tailing basin. The latter tests 
were reduced to a cursory status because 
the Bureau discontinued research in mine-
land revegetation and fugitive dust con-
trol, and long-term field testing was 
impossible. 
Laboratory Studies 
Laboratory studies conducted by the Bu-
reau evaluated the impacts of successful 
TABLE 13. - Dust suppressant chemical cost-effectiveness evaluation for 75- and 90+-pct levels 
of control during a peak 3-month wind eros ~ on season on the Mesabi Iron Range and in the 
Western United States--contract J0218024 
Dust suppressant chemical Initial Subsequent applications 2 Total cost 3 per 3-month 
and dilution ratio cost, 1 Number I Cost, $/acre season, $/acre 
$/acre 75 pet I 90+ pet I 75 pe t I 90+ pet 75 pet I 90+ pc~ 
MESABI IRON RANGE (NORTHERN MINNESOTA) 
Petroleum resin (Coherex): 
1 2: 1 ••••••••••••..•..••.••••••••...•••.•• 170 2 3 340 510 510 680 
9 : 1 ••••••••••••••••••••••••••••••••••••• 210 1 2 210 420 420 630 
Lignin sulfonate: 
8:1 ••..•••••..•.... 1.1 •••••••••••••••••••• 65 1 2 65 130 130 195 
4 : 1 ••••••••••••••••••••••••••••••••••••• 95 1 1 95 95 190 190 
Latex: 
Nalco 655, 49: 1 •..••••. • •..••...•.•••.••• 230 1 1 230 230 460 460 
Nalco 656, 132:1 ••.....•.•.•...••.••.•••• 110 1 1 110 110 220 220 
MgC12 salt (undiluted) •.• • •....••••.••••••• 41,075 1 1 555 555 1,630 1,630 
WESTER~ UNITED STATES 
Petroleum resin (Coherex): 
12: 1 .•.•....••...•.•••••••••••••••...•••. 170 2 3 340 5lJ 510 680 
9: 1 •.•.•.•••••.•.....•••••.•.•....•.•••• 212 1 2 215 425 425 635 
Lignin sulfonate: 
8: 1 ••••••••••••••••••••••••••••••••••••• 140 1 2 140 280 280 420 
4: 1 ••••••••••••••••••••••••••••••••••••• 225 1 1 225 225 450 450 
Latex: 
Nalco 655, 49: 1 •••••••••••••••••••••••••• 230 1 1 230 230 460 460 
Nalco 656, 132:1 ••••••..••.••••.•••.••••• 110 1 1 110 110 220 220 
MgC12 salt (undiluted) ••••••••.•••••••.•••• 4625 1 1 330 330 955 955 
I Includes chemical cost, shipping, and cost of chemical application. 
2Application rate 1,210 gal/acre (0.25 gal/yd 2) i~ all cases except for initial application of MgC12 s alt at 
a rate of 2,420 gal/acre (0.50 gal/yd 2). 
3Total cost = cost of initial application + cost of subsequent applications to maintain control during a 3 
month season. 
4Initial application cost for MgC12 salt i s nearly twice that for subsequent aprlications, because the ini-




dust control chemicals on two spe-
cies commonly used to ate Minne-
sota taconite tai basins. Tests were 
conducted in a growth chamber 
with ryegrass and yellow sweet 
clover. Successful dust control chemi-
cals and their application rates evalu-
ated under contract J0218024 and tested 




Coherex resin ••••••••• 
Li sulfonate •••••• 
Lime-neutralized 
1 sulfonate ••••• 
Nalco 656 latex ••••••• 
MgClz salt (dry) •••••• 












Table 9 contains a des tion of the 
chemicals and table 10 contains addition-
al application data. Lime-neutralized 
1 sulfonate was included in this 
evaluation as it was suggested by the 
manufacturer after completion of contract 
J0218024. It was not evaluated for dust 
; however, for a 
pH, its characteristics are reportedly 
almost identical to those of 
sulfonate. 
Four cates of each seed 
and chemical combination were tested 
in the laboratory, including control 
without chemical treatment in 
and a t soil mix. Each 
TABLE 14. -
Chemical treatment 
by sol1 type 
Potting: None ••••••••• 
Tailing: 
None •• ., •••••• ., ••••••• 
Lignin sulfonate 1 •••• 
Lime-neutralized 
sulfonate •••• 
Nalco 656 •••••••••••• 
Coherex •••••••••••••• 









icate consisted of nine seeds in a 
plastic pot 
placed within the growth chamber. The 
daily chamber cycle consisted of 12 h of 
and 12 h of dark, with eratures 
from to 80 0 F during the 24-h 
Moisture and fertilizer were 
added to all as necessary to promote 
germination and and 
growth rates were recorded to evaluate 
the effects of chemical addition on the 
ion the 2-week test 
Table 14 contains the summarized data. 
The emergence or survival of ryegrass 
ranged from 0 to 100 pet. Both MgC12 
salt treatment rates prevented ryegrass 
nation, probably because that grass 
is susceptible to salt toxici 
with lignin sul-
fonate treatment reflects the survival 
of germinated (high of 86 pct) 
as some occurred with that 
treatment. treated with Co-
herex, Nalco 656, and lime-neutralized 
lignin sulfonate exceeded the emergence 
achieved in either untreated tailing or 
pot soil, indi some 
bene.fits of these chemicals. 
growth rates from 0.16 
after germination for the 
survivi The rate of 
0.28 reflects the ideal pot soil 
growth medium, and the low rate of 0.16 
in/d reflects the probable impact of 
sulfonate's low pH. Growth rates 
with the chemical treatments 






















Emergence shown is survival as ing-off occurred. See text. 
2Zero emergence at both addition rates. 
material only, indicating little benefit 
from these treatments. 
The legume sweet clover emergence 
ranged up to 64 pct. The general reac-
tion of the legume to the chemical treat-
ments was the same as for the ryegrass. 
As with the grass, no emergence occurred 
with the MgC12 salt additions. Nalco and 
lime-neutralized lignin sulfonate treat-
ments were again at or near the top of 
the emergence results, followed closely 
by tailing without chemical treatment and 
potting soil. The Coherex treatment was 
lower in emergence at 44 pct, but lignin-
sulfonate-treated legumes suffered severe 
damping off, and survival amounted to 
only 17 pct (down from an actual emer-
gence high of 42 pct). 
Growth since planting was almost iden-
tical for all chemical treatments of 
the legume except lignin sulfonate, which 
resulted in half the rate for other 
treatments. 
Field Study 
Laboratory results were tested in a 
cursory field study at the National Steel 
tailing basin near Keewatin, MN. Ten 
1.0-m2 plots were prepared for testing 
with the successful chemicals from the 
laboratory testwork and a standard reveg-
etation seed mix used by the M. A. Hanna 
Co. (manager of National Steel). A typi-
cal fertilizer rate of 580 lb/acre of 12-
24-3 was used on half the plots. The 
seed mix consisted of an annual nurse 
crop (rye grain), grasses (reed canary 
and red top), and legumes (alsike clover 
and sweet clover). Test variations are 
given in table 15, along with measured 
results. 
Vegetation response was evaluated about 
6 weeks after the June 1983 planting, 
after an initial 4 weeks of nearly ideal 
growing weather followed by 2 weeks of 
drought. Unfortunately, a rather severe 
rainstorm occurred at the end of the 
4-week period, washing away all surface 
effects of the chemical treatments. What 
remained was vegetation that had germi-
nated and grown sufficiently to withstand 
the water erosion caused by the storm. 
At the 6-week evaluation point, vegeta-
tion response was counted by dividing 
29 









Plot 2 ............ . 
Plot 10 •••••••••••• 
Lignin sulfonate: 
Plo t 3 .....•.•.•..• 
Plot 6 ............ . 
Coherex: 
Plot 9 ••••••••••••• 
Plo t 4 ...••..•..... 
Nalco 656: 
Plo t 5 ..••...•..... 


















Plot 7............. No 170 
Plot 1.... ••••• •••• Yes 50 
lResults 6 weeks after planting. 
2Seed mix consisted of rye grain--30 
lb/acre, reed canary--10 lb/acre, alsike 
clover--6 lb/acre, red top--3 lb/acre, 
sweet clover--6 lb/acre, total of 55 
lb/acre. 
each square meter plot into 100 equal 
units and counting the plants in 10 ran-
domly chosen units (10 pct of the total 
plot). Results are given in table 15. 
Generally, only plots with fertilizer 
addition resulted in vigorous growth, and 
the majority of the surviving vegetation 
was red top grass. Results of the field 
tests were more dramatic than those in 
the laboratory test, with the vegetation 
response to the lime-neutralized lignin 
sulfonate chemical treatment (with ferti-
lizer) far exceeding that from any other 
treatment (table 15). Except for the 
control plot with no chemical treatment, 
fertilizer addition increased all vegeta-
tion response by factors ranging from 3 
(Nalco 656 and lignin sulfonate) to 15 
(Coherex and lime-neutralized lignin sul-
fonate) over response in the nonferti-
lized plots. 
Visual observations 3 months after 
planting generally confirmed the above 
vegetative response trends. The plots 
with fertilizer had more complete cover-
age, with the lignin sulfonate treatments 
resulting in 60 to 75 pct cover, and the 
30 
Coherex and Nalco 656 treatments result-
ing in 20 to 30 pct cover. It was impos-
sible to count individual plants at this 
point, and the percent cover was esti-
mated from photographs of each plot. All 
other treatments resulted in 0 to 10 pct 
cover. 
Because no replicates were incorporated 
in the field study, results are to be 
taken as directorial only. Complete sta-
tistical testing would be necessary to 
verify the results indicated. 
SUMMARY AND RESULTS 
HAULAGE ROAD DUST CONTROL 
Dust measurements taken on a haulage 
road at a midwestern sand and gravel op-
eration where various chemical dust sup-
pressants were applied showed that MgC12 
salt was the most effective dust suppres-
sant under the conditions encountered, 
with an average control efficiency of 98 
pct during the month following applica-
tion. Dust plumes from traffic were ei-
ther eliminated or greatly reduced on the 
salt-treated section. The area remained 
damp during the test period, and the 
MgC12 salt also dampened additional mate-
rial falling from the trucks onto the 
road surface, preventing dust generation 
from that source. 
The petroleum derivative formed a crust 
on the road surface but became suscepti-
ble to dust generation from additional 
material falling onto the road surface. 
The control efficiency ranged from 49 to 
84 pct. Determining the efficiency re-
duction over a longer period would have 
been desirable under this project but was 
not possible. The testing of these two 
chemicals had to be discontinued when the 
pit operation was closed for the winter. 
Analysis of the wetting agent testing 
data failed to indicate any significant 
difference between the two types of con-
trol. Under these conditions, it would 
be doubtful that use of this chemical 
would reduce the number of waterings re-
quired per day. One question that re-
mains is that of change over long-term 
use of the product through conditioning 
of the road surface. The limited scope 
of this research did not permit this type 
of testing. 
A Reddaway-type fender, designed to 
more completely enclose the wheels on a 
haul truck and control dust generation, 
was constructed and installed on a 5-yd 3-
capacity dump truck. Tests showed no 
improvement in dust control when using 
the fender. The dust plume formed an 
acute angle with the road surface toward 
the rear of the tire, which permitted 
dust to escape through the 4- to 6-in 
space below the base of the fender. Low-
ering the fender is impractical because 
of irregular road surfaces. The use of 
standard mudflaps during the fender test-
ing resulted in a 38 pct reduction in 
dust emissions compared with tests using 
no wheel enclosure. These results should 
be considered preliminary. A thorough 
study of flap design, truck type, and 
speed would have to be performed if this 
~~re to be considered as a dust reduction 
technique. However, a 38 pct reduction 
in haulage road dust emissions may not be 
satisfactory. This is much less than the 
99-pct level of control offered by MgC1 2 
salt in this project and also less than 
that of the petroleum derivative. 
TAILING BASIN DUST CONTROL 
The Bureau awarded a contract to study 
the effectiveness of chemical stabiliza-
tion at tailing disposal areas. Varying 
strengths of petroleum resin (Coherex), 
lignin sulfonate (Flambinder), and latex 
(Nalco 655 and 656) dust suppressants and 
two methods of MgC1 2 salt application 
were field-tested on a northern Minne-
sota taconite tailing basin. Two months 
after application the average control 
efficiencies were as follows: MgC12 salt 
applied to wet tailing material--82 pct; 
Nalco 655--69 pct; Nalco 656--67 pct; 
MgC12 on dry tailing material--65 pct; 
lignin sulfonate (4:1 dilution ratio)--
43 pct. After 4 months the control per-
centages ranged from 66 to 31 pet , with 
no significant change in order among the 
chemicals tested. The major conclusions 
reached under this contract were--
1. Tailing basin dust control is being 
addressed by more companies than in the 
past. 
2. Very few mining operations have es-
tablished tailing basin dust control pro-
grams, many operators are experimenting 
with various dust control chemicals to 
determine which are best suited to their 
type of operation, and many of these ex-
perimental programs are inconclusive be-
cause the operator is usually unable to 
quantify the effects of the stabilizers 
over time. 
3. Many types of chemicals are avail-
able, but only a few have widespread ac-
ceptance as being effective, such as pet-
roleum resins, lignin sulfonates, and 
salts. 
4. Specialized equipment necessary to 
apply the chemical stabilizers onto the 
tailing material was not available until 
recently. 
5. Criteria for selecting a chemical 
stabilizer and implementing a successful 
dust control program are related to--
a. Characteristics of the tailing 
surface. 
b. Meteorological conditions ex-
pected during the lifetime of 
the applied product. 
c. Control efficiency desired over 
time. 
d. Problems with the product af-
fecting the mineral recovery 
process. 
e. Special product usage 
requirements. 
f. Overall product cost 
effectiveness. 
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Bureau research was conducted to evalu-
ate the effects of dust control chemical 
addition on vegetation establishment on a 
Minnesota taconite tailing material. The 
theory being tested was that initial dust 
control could be achieved by chemical 
treatment while permanent vegetative 
cover was being established. The chemi -
cal treatment must not hinder seed germi-
nation and survival and must protect ten-
der seedlings until they are able to 
withstand wind and water erosion of the 
tailing. 
Laboratory growth chamber results 
showed that MgCl2 salt addition prevented 
vegetation germination, while lignin 
sulfonate reduced both emergence and 
growth rate of ryegrass and sweet clover. 
Nalco 656, Coherex, and lime-neutralized 
lignin sulfonate chemical additions had 
minor positive effects on the response of 
both grass and legume species. 
The field study, although not statisti -
cally based, indicated that the lime-
neutralized lignin sulfonate treatment 
with fertilizer improved vegetation sur-
vival and growth. Coherex and Nalco 656 
also improved the vegetative response on 
fertilized test plots, but to a lesser 
extent. 
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APPENDIX.--INDIVIDUAL HAULAGE ROAD DUST EMISSION MEASUREMENTS 
TABLE A-I. - Individual dust emission measurements of areas treated with 
petroleum derivative and MgCl2 salt and an untreated area' 
Dust suppressant Time Reading, 
mg/m3 chemical and test area 
(f ig. 2) 
TEST 1, OCTOBER 14, 1982 
MgCl2 salt, area 3 ••••••• 1313 0.32 



















Av reading, a r ea 4....... .79 









Av reading, area 5 ••••••• 
f-----,----,--c-----< 
1.52 
TEST 2, OCTOBER 18, 1982 























chemical and test area 
(f ig. 2) 
TEST 2, OCTOBER 18, 
MgCl2 salt, area 3--Con. 
Av reading, area 3 ••••••. 
Petroleum derivative, 




























Av reading, area 4....... .31 






1334 1. 29 
Av reading, area 5 ••••• :. f----:-1-. -=-2-=-9-
TEST 3, OCTOBER 26, 1982 












TABLE A-I. - Individual dust emission measurements of areas treated with 
petroleum derivative and MgC12 salt and an untreated area
'
--Continued 
Dust suppressant Time Reading, Dust suppressant Time Reading, 
chemical and test area mg/m3 chemical and test area mg/m 3 
(fig. 2) (fig. 2) 
TEST 3, OCTOBER 26, 1983--Con. TEST 3, OCTOBER 26, 1983--Con. 
Petroleum derivative, Untreated, area 5 ••••••.• 1246 5.9 
area 4 ••••••••• ~ •••••••• 1329 5.8 1249 14. 1 
1331 .9 1253 18.8 
1338 1.50 1258 6.2 
1340 1.70 1302 19.2 
1342 1.93 1306 17.7 
1344 1.67 1312 12.6 
1350 1.90 1315 8.6 
1353 1.81 1319 9.8 
2356 1.80 Av reading, area 5 .••.•.• 12.54 
1359 1.58 
1406 1. 83 
Av reading, a rea 4 •...••. 2.04 
B Background level. 
' Test conditions were as follows: 
Test 1 Test 2 Test 3 
Background dust cone ••••••••••••••••••••••••• mg/m3 •• 0.01-0.02 0.01-0.02 0.02-0.05 
Wind ve loci ty .......•.............•......•.... mf /h •. 5-10 5-10 5-10 
Wind direction •••••••••••••••••••••••••••••••••••••• SW S SSE 
TABLE A-2. - Individual dust emission measurements of a section treated 
with a resin-type dust suppressant and an untreated section, 1 
milligrams per cubic meter 
Time Untreated 2 Resin treated 2 Time Untreated 2 Resin treated 2 
(area 4) (area 3) 
TEST 4, JULY 6, 1983 
1146 ••••••••• NAp 9.3 
1157 ••••••••• NAp 6.5 
1204 ...••...• NAp • 67 
1216 ••••••••• NAp 13.6 
1220 ••••••••• NAp 5.9 
1228 ••.••.••• NAp 12.9 
1241 •.•.••.•• 0.5 NAp 
1247 ••••••••• 2.7 NAp 
1253 •..•••••• 2.0 NAp 
1259 ......... 4.0 NAp 
1306 ••••••••• 2.4 NAp 
1312 ••••••••• 5.8 NAp 
Av •••••••• 2.9 9.2 
TEST 5, JULY 12, 1983 
1152 .••..•... 3.0 NAp 
1152 ••••••••• 1.7 NAp 
1156 ••••••••• 4.2 NAp 
1156 ••••••••• 5.4 NAp 
1202 ••••••••• 6.2 NAp 
1202 ••••••••• 7.7 NAp 
1207 ••••••••• 9.4 NAp 
1207 .•...•... 9.0 NAp 
1213 ••••••••• 12.5 NAp 
1213 ••••••••• 13.9 NAp 
1218 ••••••••• 10.0 NAp 
1218 ••••••••• 9.6 NAp 
1231 ••••••••• NAp 11.1 
1231 •••...••• NAp 18.1 
1234 ••••••••• NAp 12.5 
1234 ••••••••• NAp 15.1 
1239 ••••••••• NAp 12. 1 
1239 ••••••••• NAp 14.8 
1243 ••••••••• NAp 8.0 
1243 •••...••• NAp 10.0 
1247 ••••••••• NAp 12.3 
1247 ••••••••• NAp 18.1 
1250 ••••••••• NAp 10.5 
1250 ••••••••• NAp 18.8 
1253 ••••••••• NAp 14.4 
1253 ••••••••• NAp 320+ 
Av •••••••• 7.7 14.0 
NAp Not applicable (sample not taken). 




































Background dust con c •••••••••••••••••••••••••••••• • mg / m 3 •• 
Wind velocity ••••••••••••••••••••••••••••••••••••••• mi/h •• 









































2 . See figure 2. 3 3 Considered as 20 mg/m for computing average • 









































TABLE A-3. - Individual dust emi s sion measurements of area s 
treated with wetting agent solution and water 1 
Wetti~~ agent and water (area 4)2 Water only (area 5)2 
Time Time since I Reading, 
application, min mg/m3 
Time since I Reading, 
application, min mg/m 3 
, , TEST 7 JULY 21 1983 
1048 ••.••.•••••••••••••• 103 0.4 83 0.8 
1052 •••••••••••••••••••• 107 .3 87 2. 1 
1057 •••••••••••••••••••• 112 1.0 92 2. 1 
1059 •••••••••••••••••••• 114 1. 7 94 .6 
1102 •••••••••••••••• " • •• 117 1.0 97 .6 
1106 •••••.•.•.•.•.•.••.• 121 1.2 101 .6 
1111 •..••••••..•.••.•••• 126 2.1 106 1.2 
1115 •.••••...•••••••.••. 130 1.9 110 1. 7 
1119 •••••.•••.•....••••• 134 3.4 114 .6 
1123 ..•....••...•.•..•.• 138 2.5 118 1.0 
1130 •••••••••••••••••••• 145 2.6 125 3.5 
1201 •••••••••••••••••••• 176 1.6 156 2.0 
1206 ••••••••••.••••••••• 181 2.3 161 4.8 
1211 •••••••••••••••••••• 186 2.0 166 3.5 
1214 •••••..•...•..•.••.. 189 1.0 169 2.4 
1218 •••••••••••••••••••• 193 3.2 173 3.2 
1223 ..•••••.•...••.••.•• 198 6.0 178 5.9 
1228 .•.•...........•.... 203 5.0 183 2.8 
1231 •••••••••••••••••••• 206 3.0 186 4.0 
1235 .......•.•.•.•.•.... 210 3.6 190 1.8 
1239 ....•..••..••..•..•• 214 1.9 194 5.8 
1241 •••.••.••.....•.••.. 216 5.2 196 5.5 
1246 •...........•...••.. 221 3.4 201 6.1 
1250 ...•..•..••...•.••.. 225 6. 1 205 4.3 
1253 .........•••..•...•. 228 3.9 208 7.8 
1259 .......•.......•.... 234 9.6 214 5.9 
1300 ......•......••.•... 235 6.0 215 3.9 
1304 ....•.•...........•. 239 5.3 219 4.7 
2309 ..•......•.•.•.••••. 244 4.4 224 3.7 
1310 •.•......•....•....• 245 7.3 225 2.5 
TEST 8, JULY 22, 1983 
955 •••••••••••••••••••• 75 1.3 55 0.4 
1002 ...•...•...•...•.... 82 2.3 62 .4 
1014 ....•...•.•••....... 94 1.9 74 .8 
1027 •••••••••••••••••••• 107 1.2 87 1.6 
1034 ••.....••.....•...•. 114 1.7 94 1.3 
1041 •.•••••.••.••.••••.. 121 3.4 101 1.8 
1052 •••••••••••••••••••• 132 2.6 112 1.0 
1055 •••••••••••••••••••• 135 3.4 115 1.7 
1105 ...••.............•. 145 4.9 125 .8 
1115 ••.••............••. 155 1.9 135 1.1 
1123 •...•.....•....•.... 163 4.4 143 2.1 
1130 .•......•......••.•• 170 4.3 150 3.2 
1154 ....•.•.•........•.• 194 2.9 174 3.8 
1207 .•..........•.••..•. 207 7.1 187 3.8 
1211 •••.....•.....•••..• 211 8.8 191 5.4 
1220 ••.....••..•.•.•.•.. 220 13.3 200 8.3 
1224 .••.....•..•..••...• 224 9.3 204 2.8 
1225 •....•...•..••.•.•.. 225 5.6 205 4. 1 
TABLE A-3. - Individual dust emission measurements of areas 
treated with wetting agent solution and water'--Continued 
Wetting agent and water (area 5)2 Water only (area 4)2 
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Time since I Reading, 
application, min mg/m3 
Time since I Reading, 
application, min mg/m 3 
Time 
TEST 9, JULY 27, 1983 
1050 •••••••••••••••••••• 90 1.2 60 1.4 
1053 •••••••••••••••••••• 93 1.7 63 4.4 
1100 •.••••.•.•••.••..•.• 100 1.7 70 1.4 
1104 •••••••••••••••••••• 104 2.8 74 3.3 
1109 •••••••••••••••••••• 109 1.7 79 3.4 
1113 ••..•••...••.•••.•.• 113 2.8 83 3.3 
1121 ••• • •••••• • • ••• •• •.• 121 9.4 91 5.4 
1123 •...••...•••••..•..• 123 4.3 93 3.0 
1128 •••••••••••••••••••• 128 5.2 98 1.2 
1200 •••••••••••••••••••• 160 3.4 130 7.1 
1204 •..•.....••..•..•... 164 5.5 134 2.9 
, , TEST 10 AUGUST 9 1983 
1035 •••••••••••••••••••• 35 0.0 80 2.0 
1045 •••••••••••••••••••• 45 • 1 90 4.7 
1048 ..•....••..•...•.•.. 48 .4 93 2.4 
1058 •••••••••••••••••••• 58 .8 103 4.3 
1101 •••••••••••••••••.•• 61 1.2 106 2.6 
1111 •••••••••••••••••••• 71 .0 116 3.0 
1119 •••••••••••••••••••• 79 1.4 124 5.6 
1123 •..••••....••••••••• 83 1.8 128 e) 
1131 •••••••••••••••••••• 91 (3) 136 8.8 
1204 •••••••••••••••••••• 124 3.3 169 5.9 
1222 ....••.•.•...•...... 142 8.9 187 13.0 
1226 •.•••••.••..•••••••• 146 7.2 191 9.6 
1230 •....•...••••••••.•• 150 7.1 195 5.0 
1233 ••...•.•....•• . •.•.. 153 5. 1 198 9. 1 
1237 •...•.••..•.•••••••• 157 2.5 202 5.0 
1242 •••..........•••.•.. 162 10.1 207 4.5 
1250 •••...••..•..•••.••. 170 9.2 215 3.9 
1256 ••••.••••••..••••.•• 176 4.9 221 6. 1 
'Test conditions were as follows: 
Test 7 Test 8 Test 9 Test 10 
Background dust conc •••••••••••••••••••••••• mg/m3 •• 0.01-0.02 0.1 0.02 0.02 
Wind velocity ..................•............. mi/h .. 5-10 5-10 5-10 5-10 
Wind direction ••••••••••••••••••••••••••••••••••••• SSW NW SE S 
L. See figure 2. 3 Measurement not taken. 
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TABLE A-4. Individual dust emission measurements from a 5-yd 3 dump truck fitted 
with various fender and mudflap configurations and mine haulage vehicles 1 
Measurement 
5-yd 3 dump truck: 
No special equipment: 
l .•....•..•••..••. ~ •• o. 
2. 
3 •••••••••••••••••••••• 











4 ••••••••••••• 0 •••••••• 
5. 
Av •••••• 








































Da t e •••••••••••••••••••••••••••••••••••• 
Background dust loading •••••••••• mg/m3 •• 
Wind velocity ••••••••••••••••••••• mi/h •• 
Wind direction •••••••••••••••••••••••••• 
Chemical treatment of road surface •••• ". 
Speed of 5-yd 3 dump truck ••••••• o.mi/h •• 
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Measurement 
5- yd 3 dump truck--Con. 


























17 ••••• c;; •••••••••••••••• 
18 •••••••••••••••••••••• 
Av •••••••••••••••••• 
Std dev ••••••••••••• 
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